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Abstract 

The turmoil caused by COVID-19 saw academics and stu- 
dents in Higher Education (HE) institutions across the UK, and 
worldwide, facing the sudden and unplanned move to online 
or blended delivery. It left pre-pandemic operational models 
in need of evolving, leading to an opportunity to develop and 
test innovative architectural and spatial programming design 
strategies for ‘knowledge work’ spaces as academic staff and 
students returned to campus. The aim of this inter-discipli- 
nary longitudinal study was to evaluate and validate a unique 
mixed-method approach, which combines extended reality, 
user experience (UX) and psychological research method- 
ologies with architectural design strategies, to understand 
how people feel at work; how the environment influences 
their performance, health and wellbeing: and how to max- 
imise spatial usage. Results were obtained by triangulating 
data collected from co-creation workshops, an ecological 
momentary assessment (EMA) survey, and a final usability 
virtual reality (VR) evaluation. Results imply that there is no 
ideal layout that would fulfil every user's needs, instead new 
strategies need to be developed for workspaces to be rede- 
signed creatively following longer-term usability and healthy 
architecture standards. This includes the mixed-method ap- 
proach in this study that successfully creates a link between 
disciplines and user groups: UX and psychological research- 
ers, architects, estates managers and end-users. 
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Introduction 
The COVID-19 pandemic has enforced a dramatic change to 
the working practices of millions of people across the UK and 


beyond, having a significant impact on many existing working 
practices, quality of life, and wellbeing. The impact of the un- 
precedented lockdowns on the nation’s mental health is al- 
ready being witnessed. Evidence from similar situations such 
as the SARS-CoV outbreak in 20083 predicts that there will be 
a global future impact on health and wellbeing with increased 
levels of stress, anxiety and depression amongst the popu- 
lation (Torales, et al. 2020). For those in employment during 
the pandemic, the significant changes to working practices 
and work-life balance associated with working from home 
led to increasing concerns about the ongoing impact of the 
pandemic on the wellbeing of the nation’s workforce and the 
need to identify effective future working practices (Boland 
et al, 2020). Despite these challenges, many effective work- 
ing practices emerged during this time driven by innovative 
service provision, which has been significantly felt amongst 
academics in Higher Education (HE) institutions across the 
UK; with the sudden and unplanned move to online delivery 
(either wholly or blended) and the rapid adaption of tradition- 
al academic roles and working practices. The concept of ‘of- 
fice fit’ (the characteristics of the working environment and 
their interaction with the individual psychological and phys- 
iological characteristics and needs) has long been acknowl- 
edged as needing to be addressed by any organisation, for 
them to ensure their long-term survival (Shalley, et al, 2004). 
Traditionally, in HE, academic staff have been primarily seen 
to carry out what is termed ‘knowledge work’ (Drucker, 1959; 
Davenport, 2005); applying their mental faculties to under- 
stand ding and use of information, decision making, and with 
high levels of creativity (Oyetunji, 2014). Researchers have 
explored similarities between academic and commercial 
knowledge work and the influence of work-group space (Lea- 
man and Bordass, 2006; Ashkanasy et al., 2014; Knoshbakht, 
et al, 2021), layout (Haynes, 2008) and activity-based prac- 
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tices (Engelen et al, 2019) on mental health, wellbeing and 
productivity (To et al., 2012). However, it is clear that pre-pan- 
demic operational models need to evolve. Alternative ap- 
proaches, that consider environment factors such as lighting, 
heating, and ventilation (Al Horr, et al., 2016; Lan, et al., 2012), 
or connection to natural elements (Jamrozik and Clements, 
2019; Berman et al., 2008; Palacios et al., 2020), noise preven- 
tion amrozik, et al. 2018), and privacy (Keeling et al., 2015), 
are required. These integrate existing and new working prac- 
tices for future knowledge working, which maximise people's 
physical and cognitive functions (JIamrozik, et al., 2019), and 
prevent loss of interest (Whitley et al., 1996). The Well Spaces 
and Academic Environments (WellSPACE) Project is a collab- 
oration study between the University of Wales Trinity Saint 
David's (UWTSD) Assistive Technologies Innovation Centre 
(ATIC) and the Psychological Evaluation and Research Con- 
sultancy Hub (PERCH) with renowned architectural practice 
Stride Treglown. This study tested a mixed-method approach 
of three phases (Figure 1) that introduce user experience 
(UX) and psychological research methodologies; implement 
extended reality; and investigate data correlation between 
environment control, health and wellbeing measures to as- 
sess the usability of various hypotheses of a HE space as staff 
returned to the campus in Swansea (Wales, UK) for the start 
of the academic year 2021/2022. 


Phase I: Phase II: Phase I: 
Co-creation EMA Survey VR Evaluation 
Workshop with with end users of proposals with 
end users end users 


Figure 1. Phases of the mixed-method approach tested in this study. 


Ultimately, we present this as a feasibility study of the appli- 
cation of this mixed-method approach as a novel architec- 
tural and spatial programming inter-disciplinary design strat- 
egy, which gives voice to end users throughout all stages of 
the study. 


Mixed-method Approach 

At the core of this study are end-users, academic staff who 
provided us with an insight into their own professional expe- 
riences in the engagement with workspaces, daily tasks, and 
students, to help us define how to redesign effective environ- 
ments based on the conditions that affect people’s physical 
and cognitive functions, as people tend to perform better 
when physically comfortable. Participants were encouraged 
to give feedback on how they feel at work, the spaces, fur- 
niture, layout, and footprint of these, and were challenged 
to suggest how to improve their experiences from a prob- 
lem-solving approach. Shortly before the COVID-19 pandemic, 
the participant group had relocated to a new building which 
was purpose-built to accommodate an activity-based work- 
ing typology - the IQ building’ (UWTSD). This building com- 
prises non-assigned workspaces, bookable meeting rooms 
and small pods for quiet working from an open-plan space 
that we call ‘Room 303’. Post-pandemic, and during the study, 
participants had incorporated a hybrid workspace model, al- 
ternating working from home (WFH) with working on-site. The 
aim of this project was to identify the factors that affect men- 


tal health, wellbeing and performance of academic staff who 
have been assigned Room 303 as their workspace. For this, 
our team investigated the relationship between academic 
staff, their workplace, and the post-pandemic reconstruction 
that their practice was experiencing to support architectur- 
al design as an agent of change alongside end users. Our final 
outcome was the validation of data triangulation between the 
three phases of the study, explained below. 


Phases of the study 

During phase |, researchers implemented design thinking 
and UX methods. The workshop was divided into three ac- 
tivities that implemented methods such as mind mapping, 
place-centred user journey mapping, and participatory 
co-creation design (Figure 2A). 
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Figure 2. Protocols for (A) Phase |, (B) Phase II and (C) Phase Ill. 


The ecological momentary assessment (EMA) survey, phase 
ll, allowed us to collect data on end-user behaviour while 
working from their normal environments as explained in Fig- 
ure 2B. Methods for data collection during this phase includ- 
ed experience sampling over a period, and exploratory anal- 
ysis. The protocol for the final evaluation, phase Ill, (Figure 
2C) included the use of VR and usability testing methods for 
qualitative and quantitative data collection - subjective VR 
walkthroughs, live observation and feedback questionnaires. 
The first two phases of the study informed the generation of 
three architectural proposals for the chosen test space Room 
3083 (Figure 3). 


È Meeting = Meeting È Meeting 
Rooms Rooms Rooms 


Lounge Space 


Lounge Space Quiet Space 


Quiet Print 


| Quiet Space Space | Room 


Lounge Space 


Open Plan Space Open Plan Space Open Plan Space 


Entrance/ 
Storage 


Figure 3. Architectural plan proposals for Room 3. 
From left to right: proposals 1, 2 and 3. 


Print Entrance/ 
Room Storage 


Print Entrance/ 
Room Storage 


Results 
Data collected during the three phases was triangulated to 
identify the main findings of the study. 
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Phase |. UX metrics 

Journeys mapped (Figure 4) helped us identify predominant 
use of Room 308 for 12 end-users over a two-day period and 
allowed us to investigate the correlation between the main 
activities and factors that influence their choices when work- 
ing from this open plan space (Table 1). 


Figure 4. Participants’ journeys were mapped on their use of Room 303 
during co-creation workshops. 


Table 1. End-user interaction with Room 303. 


Activities mapped Common influencing factors associated with low use of Room 303 
Supervision/Emailing 


Socialising/Having lunch 


No privacy; background/visual noise; and limited surface/power capacity. 
Fear of disturbing others; and limited kitchen storage. 


Storing things/Printing Insufficient storage units; and unclear allocation of these. 


In general, there was discomfort in relation to some rooms. 
This was due to lack of ventilation, daylight, and connection 
to natural elements, which contribute negatively to perfor- 
mance. Through data collection on negative and positive 
variables (Figure 5A), we could recognise key objections in 
relation to spatial needs, which revolve around: privacy (e.g, 
pastoral care or data protection issues); accommodating 
unplanned use of Room 308 (and adjacent rooms); or man- 
aging ground rules (e.g, unsure of what is available for their 
use in the kitchen). Participants of the co-creation workshop 
demonstrated interest in getting involved on design deci- 
sions to improve the space by providing us with suggestions 
(Figure 5B), using a low fidelity model the groups generated 
five ideal layouts. 


To inform subsequent work on behavioural assessment, the 
analysis of all the qualitative data collated during the co-cre- 


(A) 


Figure 5. (A) Co-creation workshop feedback on negative and positive 
variables on Room 308, (B) example of layout co-designed by participants 
of the study using a low fidelity model. 


Table 2. Salient themes captured from co-creation workshops. 


Themes Examples 
Space Quiet and private; community-building; and hybrid/hyflex teaching spaces. 
Noise Background and visual noise prevention. 


Environment Control over lighting, heating, ventilation and power; as well as more plants and daylight. 


Storage Personal/work belongings and food. 


Management Establish ground rules; identifiable furnishings; or hygiene and health & safety measures. 


ation workshops allowed us to group end users’ needs into 
several salient themes (Table 2). 


The lovely views of this workspace seemed to play a big role 
in ease of use of this workspace with those participants of 
the study sympathetic of open plan layouts enjoying working 
from Room 303; who found helpful building a sense of com- 
munity and promotes teamwork. However, disparity in the 
feedback received implied that lighting and heating control 
and noise prevention remained prone to contentious issues 
between users. 


Phase II. Behavioural assessment 

For the phase Il, EMA study, 55 responses were recorded from 
eight participants over a five-day period. Each respondent re- 
ceived 15 alerts across this period, with response rates rang- 
ing from 27% to 73% and an overall response rate of 46%. 
Table 3 shows primafrily on-campus activities, with compar- 
ative WFH data only presented to illustrate potential future 
design considerations. In our study, it is important to note 
that participants reported mainly WFH (65.5% of the time). 
The data presented in this section primarily focuses on data 
reported from on-campus activities, with comparative work- 
ing from home data presented to illustrate potential future 
design considerations. Of those reporting working on cam- 
pus (34.5%) the majority reported working in teaching rooms 
(14.59) and non-shared spaces (14.5%) with a small number 
working at the on-campus library (3.69%). No participants re- 
ported using the shared workspace during the study period. 
Comparatively, Table 3 shows that whilst working from home, 
participants were most regularly engaged with preparation of 
teaching materials (22.296), and least often engaged in online 
teaching (5.6%). The data indicates that the main reason for 
participants being on campus was for face-to-face teaching 
(509%), with associated teaching preparation being carried 
out on campus 16.7% of the time compared to 22.2% of the 
time at home. Of particular interest is the finding that no par- 
ticipants reported engaging in administrative or research-re- 
lated tasks on campus. 


Table 3. Activities undertaken during the working week. 


Activity WFH On-campus 
Teaching - Online 5.6% 5.6% 
Teaching - Face to face 0% 50% 
Student supervision - Online 8.3% 0% 
Student supervision - Face to face 0% 5.6% 
Meeting - Online 13.9% 5.6% 
Taking a break 5.6% 5.6% 
Marking 8.3% 5.6% 
Preparing teaching materials 22.2% 16.7% 
Admin tasks 16.7% 0% 
Research related activity 11.1% 0% 
Other 8.3% 5.3% 
Total 100% 100% 


Environmental disturbances, suitability, 

and control 

Over the course of the study, participants indicated that they 
were being disturbed by one or more environmental factors 
4196 of the time. Of the overall on-campus disturbances, the 
most common were insufficient surface space and factors 
such as physical discomfort, feeling cold, and lack of access 
to resources, with the latter being reported significantly more 
often than WFH (t (52) = -2.91, p = 0.005). Table 4 indicates 
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that respondents reported generally similar levels of per- 
ceived environmental suitability across both on-campus lo- 
cations and while WFH without significant differences across 
these locations. Participants also reported a generally high 
perceived level of control over their working environment 
WFH and in non-shared on-campus rooms. The lower level 
of control reported within the teaching rooms is indicative of 
the nature of teaching activity within the room but warrants 
further exploration. 


Table 4. Mean scores of perceived environmental suitability 
and control across all responses. 


Location Suitability (0-5) Control (0-10) 
Working from home 3.7 GT 
On-campus teaching room 3.4 3.4 
On-campus non-shared room 41 6.3 
On-campus library 4 5 


Wellbeing 

Of the eight wellbeing factors captured during this phase of 
the study, the most endorsed overall while working on-cam- 
pus were happiness and engagement (both M = 6.8). The 
lowest-reported factor was anxiety (M = 2.9), which was also 
significantly lower on campus than when WFH (M = 4.2, t (52) 
= 2.36, p = 0.02). Whilst the trends in the data suggest that 
engagement was often higher towards the end of the week 
than at the start with anxiety lowering over the course of the 
week. The individual variation in these wellbeing factors is an 
important reminder of the challenges of accounting for indi- 
vidual differences in the psychological facets of workplace 
design preferences. 


Phase Ill. VR evaluation 

Five academic staff from UWTSD participated in this phase 
of the study, whose main roles were lecturers or senior lectur- 
ers, between the ages of 35 and 58 years old. They had limit- 
ed previous experience of using VR systems. 


Participants 

Demographic data gave us an indication of population-based 
factors representative of the academic community, that we 
could correlate with subsequent datasets collected more 
specific to spatial factors. We found that predominant work 
model was hybrid (80%), as opposed to working on-site 
(209%) or fully WFH (09%) (Figure GA). Academic staff have 
rapidly adapted to hybrid working (Figure GB), implying that 
depending on their main roles and time of the year, individu- 
als need a flexible space that adapts to their changing needs. 


(A) Best descriptor of participant model of working (%) 


(B) Time Percentages spent per location 


Frequency 


HB wry 
HE Working on-site 
EZ] Hybrid-working 


Figure 6. Participant working preference per (A) model of working and (B) location. 


Data indicates that the main activities that academic staff 
undertake daily were teaching face-to-face; taking virtual 
meetings; marking; preparing teaching material; and admin- 


istrative work (Figure 7). If we look reflectively upon previous 
findings from phases | and Il, this data suggests a reiteration 
of certain factors. This includes the need for spaces to run 
one-to-one sessions on-site, teach within hyFlex facilities or 
catch up with colleagues. 


Predomanant activities 


Teaching face-to-face 


Teaching online 


Teaching hybrid/hyFlex 


Student supervision online 


Student supervision face-to-face 


Virtual meetings 
In-person meetings 
Marking 
Preparing teaching materials 
Admin tasks ] 
Research-related activities 
Other | 


0% 20% 40% 60% 80% 100% 


Frequency 


Figure 7. Predominant activities registered as undertaken by end-users daily. 


VR walkthroughs 

Using computer-generated environments of the original lay- 
out of Room 308 (Figure 8A) and of the three redesigned 
proposals (Figure 8B), participants were asked to navigate 
through each of the proposals in random order to evaluate 
their usability based upon factors defined from previous find- 
ings. Mixed reality (MR) played a big part in the protocol de- 
signed for the VR evaluation. Researchers generated comput- 
erised realistic representation of the architectural proposals 
using Unity development platform with high-end VR system 
HTC Vive Pro. To match VR simulation characteristics with 
that of the real world, this technology was combined with 
the use of physical furniture, embedding of audio recordings 
from the existing space, and photographic maps of the exter- 
nal views (Figure 8C). Participants’ experience of the VR sim- 
ulation was documented using internal VR recordings of their 
perspectives and external multi-camera recordings (Figure 
8D) for post-processing. 


Figure 8. (A) VR representation of original layout of Room 303, 
(B) VR representation of proposal 1, (C) VR simulation with participant interacting 
with furniture, and (D) lab set up for VR simulation. 


Data suggests that meeting spatial needs linked to privacy 
(e.g., one-to-one sessions with students or being able to pro- 
vide hyFlex teaching) is still challenging for the three alterna- 
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tive proposals. However, there is a general agreement about 
the effectiveness of the proposals when it comes to meeting 
social needs. Personalisation and individual desking areas are 
very important for academic staff, where we have identified 
that it contributes towards a lack of sense of belonging. User 
footprint suggests that those whose practice is in proximity 
to Room 308 use this staff room more frequently, as opposed 
to those whose practice is disconnected to Room 303. Data 
shows that storage is a recurring challenge. In general, there 
is a tendency to prefer a variety of furniture within the same 
open-plan office space as opposed to having separate and 
crowded quiet areas. 


Comparative between proposals 

Following the physical and cognitive VR walkthroughs of the 
three proposals, previously designed by Stride Treglown, par- 
ticipants registered their preference in feedback question- 
naires following a five-point Likert psychometric scale (Fig- 
ure 9), which indicates that most participants tend towards 
the layout configured in proposal 1; very closely contested by 
proposal 3. Although the layout presented in proposal 2 did 
not satisfy participants as consistently as those in proposals 
1 and 8, participants suggested that the variety of furniture 
choice available in this second configuration would pose an 
advantage for those who want to work more privately or with- 
in teams all in the same hybrid workspace. 


Overall rating for proposal effectivenness (%) 


Proposal 1 ; 40 20 20 
Proposal 2 40 20 

Proposal 3 | 40 40 

0 
Not at all effective m Slightly m Moderately m Very m Extremely effective 
Figure 9. Overall participant rating of the effectiveness 
of the three alternative proposals presented. 
Discussion 


The triangulation between methods used in the three phas- 
es of the project direct us towards identifying the factors 
that impact academic staff behaviour, wellbeing, and per- 
formance, looking closely at the features of our test space, 
to inform future design strategies and decisions. However, 
there are other factors around user expectation (e.g, not 
feeling heard by management team) that may generate loss 
of interest in building community and could prevent the 
use of dedicated workspaces. Even though academic staff 
participating in this study were inclined towards one of the 
alternative architectural proposals designed for Room 303 
during this study, data shows that this workspace would 
still present challenges when it comes to: accommodating 
one-to-one meetings, tutorials, or external guests; privacy 
for marking or dealing with student issues; and creating the 
right spaces for quiet working and online teaching on-site 
parallel to their pre-pandemic responsibilities. However, our 
intention with this study is to set out the pathway for future 
research approaches on investigating the features needed 
to overcome these challenges in pursuit of a workspace 
configuration that minimises the impact on the mental 
health, wellbeing, and performance of its users in relation to 
their practice. 


When considering the future design of academic work- 
spaces, therefore, in addition to continuing to support teach- 
ing and related activity, there is a need to better understand 
the barriers and requirements to supporting research and ad- 
ministrative activity in modern academic shared workspaces. 
Collectively, our results potentially suggest that hybrid working 
practices may help academic staff to fit their environmental 
location to the requirements of the specific task. Possibly, al- 
lowing academic staff to personalise part of the workspace 
assigned to their teams will help tackle issues around storage, 
as well as to allow Room 303 to turn into a hub for all academic 
staff from across disciplines. The challenge for the future de- 
sign of academic workplaces is how to create the flexibility of 
workspaces to enable academics to engage with all aspects of 
their job roles in on-campus shared locations and consider in- 
dividual preferences and motivations. Therefore, standardising 
design strategies that support this and allows for the imple- 
mentation of research methods, such as those tested in this 
study, are needed at both early design stages and post-occu- 
pancy, to explore the longer-term effect of new spatial designs. 

Going forward, the team intends to investigate further 
methods to quantify human response to changes in architec- 
tural features, where extended reality is fused with non-inva- 
sive techniques to measure and quantify psychophysiological 
responses longitudinally in conjunction with attitudinal and 
behavioural techniques validated in this study; and to continue 
exploring how a mixed-method approach can be further vali- 
dated by testing it within alternative settings and user cohorts. 


Conclusion 

This inter-disciplinary study outlines an opportunity to sys- 
tematically explore what the future of working spaces and 
practices should look like by testing these within a HE con- 
text to develop new and innovative architectural and spatial 
programming design strategies that can be translated to 
working environments in other creative, knowledge and pro- 
fessional service sectors. Due to COVID-19 restrictions we 
faced limitations on participant recruitment and managing 
their expectations where some may feel their voices have 
not been heard. Researchers have been aware of conflict of 
interests where possible to ensure transparency during re- 
search in the prevention of potential bias. With the c o-crea- 
tion workshops (phase 1), we identified users’ needs - catego- 
rised by space types, storage, environment control, noise and 
management - and co-designed ideal layouts with end-users. 
The ecological momentary assessment (phase II) gave us an 
insight into how participants feel and behave when working 
from different environments over a work week. Finally, we 
evaluated the effectiveness of three alternative proposals 
for Room 303 where participants took part in a VR simula- 
tion (phase III). Results from the three phases, predominantly 
through formative evaluation, consistently show that end-us- 
er participation is hugely beneficial in developing design strat- 
egies essential for inclusive architecture. Overall, the data 
suggests that management plays a big role in ensuring that 
workspaces respond to the needs and footprint of different 
users throughout academic periods. This document focuses 
on such findings of this study that demonstrate the feasibili- 
ty of the mixed-method approach implemented for the Well- 
SPACE project. We conclude with a research agenda that ad- 
vocates building on the positive results of this mixed-method 
approach by (a) introducing psychophysiological measures; 
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(b) maximising the implementation of mixed-reality; (c) and 
investigating data correlation between environment control, 
health and wellbeing in future research works. 
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